Electronic medical records (EMRs) are a core means to reduce hospital costs and to improve quality of hospital care. In this work, empirical studies between 2004 and 2010 were analyzed to summarize the evidence of economic and medical benefits achieved. Using Medline, 578 articles were retrieved with seven studies compliant with the inclusion criteria. Five studies supported a reduction of costs; another study found a negative effect. Relating to health care quality, five studies gave at least positive indices, while another found mixed results. The small number of relevant studies might be due to a shift from hospital care to outpatient and ambulatory care. In view of the good evidence from local implementations, the pervasion of EMRs is surprisingly low. This corresponds with intermingled results based on analyses of secondary data from large samples of hospitals. More public awareness is needed to convince health care providers to implement EMRs.
INTRODUCTION
An electronic medical record (EMR) has the potential to improve administrative processes, to overcome problems of paper-based documentation, to assure quality of treatment, to automate input requirements, and to improve quality control. However, an overall economic assessment from a national point of view was missing in our 2008 review [1] . Particularly, the existing studies did not provide a clear answer whether or not the use of EMRs improves quality of care. The objective of this review update is to summarize the current evidence regarding benefits and costs of an EMR in hospital care.
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setting in this update as well. In the following sections, we present the literature review according to the recommended by Green [11] .
METHODS AND MATERIALS 2.1. Definition
In this study, we adopt the following definition of EMR: An EMR is a "computer-stored collection of health information about a person, linked by a person identifier" [12] , with the application environment being a hospital and any care delivery being the full responsibility of the health care provider.
Study Identification
This review is an update of a previous literature analysis about the benefits and costs of EMRs based on articles from 1966 to January 2004 [1] . In the current work, we included publications from February 2004 to 2010. We adhered to the same methods as in [1] . The literature search covered the period from March 10, 2010 through April 2, 2010, using MEDLINE. The MEDLINE database was accessed through the German Institute for Medical Documentation and Information (DIMDI, http://www.dimdi.de/). Figure 1 presents an overview of the process of study selection. The following keywords from the National Library of Medicine's Medical Subject Headings (MeSH) were applied to cover electronic patient records, benefits and costs: First, the MeSH-term "Medical Record System, Computerized" was searched. Secondly, the results were successively combined by "AND" with the other MeSHterms. Duplicates, non-English and non-German publications, reviews, and tutorials were deleted from the results. Date of publication was restricted from 2004 to 2010. The literature search revealed 578 articles (see Table 1 ). We then examined these 578 articles based on the inclusion and exclusion criteria exhibited in Table 2 . In the first stage, the articles were evaluated independently by two reviewers (i.e., both authors) on the basis of the abstracts. The evaluation criteria were specific statements about the EMR, its origination in an acute care hospital, and a publication based on an empirical study. This screening resulted in 64 articles worth analyzing.
Study Selection
Seven of the 64 selected publications were not available in German libraries. In the second stage, the full texts of the remaining 57 publications were examined independently by the same reviewers based on the inclusion criterion of containing specific statements about benefits and costs. Eight of these 57 publications were selected, with one of those excluded [13] because it was focused on the benefits of medical care provided in a neonatal department, not on those of an EMR. Flow of study selection.
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Inter-rater reliability during study selection was verified by calculating Cohen's Kappa according to the interpretation of Landis and Koch [14] . In the first stage, screening on the basis of abstracts, the Kappa value was 0.19, indicating a slight agreement between the reviewers, whereas in the second stage, screening of full texts, the Kappa value was 0.40, thus indicating a fair agreement.
Study Evaluation
Each study was evaluated in terms of the following aspects [15] : (1) study design, (2) formal quality of the publication, (3) number of the EMR users such as physicians and nurses, (4) duration of implementation, and (5) statistical evaluation. Each aspect of a study was rated 2, 1 or 0 points with 2 being the best and 10 being the maximum total score for a study. Missing information was rated 0 point. 
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Study design:
The assessment of the design of each study was based on the classification depicted in Table 3 , according to Roine et al. [16] . Different types of scientific studies are ranked from 1 to 9 concerning the evidence hierarchy. The first stage, meta-analyses from randomized, controlled studies, is not a component of the inclusion criteria. The remaining study types were combined into the following three groups: randomized controlled studies (evidence stages 2 and 3), non-randomized controlled studies (evidence stages 4, 5, 6, and 7), and uncontrolled clinical series, descriptive studies, consensus methods, application observations and empirical reports (evidence stages 8 and 9). Studies in the first group received 2 points, studies in the second group 1 point, and the remaining studies zero.
Formal quality of publication: The publication should follow the international standard structure of scientific articles, i.e., title with authors' names and affiliations on the title page, abstract, introduction, material and methods, results, discussion, conclusions, and references. For a publication in full compliance with this structure, two points were assigned; if the article followed the structure up to the introduction and mentioned authors and medical environment, 1 point was assigned; otherwise, 0 point was given.
Number of users: The number of EMR users can affect the reliability of the results. Two points were given for studies with 20 or more users, 1 point for 6 to 19 users, and 0 point for less than 6 users or if no number was specified.
Implementation duration: Studies implemented for at least one year received 2 points, 1 point was given for a half to one year, and 0 points for less than a half year.
Statistical evaluation: Two points were given for studies reporting the result(s) of statistical analysis/analyses with full information concerning the level of significance, and 1 point for the description of a statistical test performed without indication of the level of significance. Otherwise, 0 point was given.
RESULTS

Origins and Locations of the Studies
As summarized in Table 4 , with four out of seven, the majority of the included studies are from Europe, where two are from Sweden [22, 23] , one from Germany [21] , and one from 276
Value of the Electronic Medical Record for Hospital Care: A Review of the Literature Italy [18] . The United States are represented by three studies conducted in Cambridge, MA [19] , Charleston, SC [20] , and Miami, FL [17] , respectively. Two studies stem from Germany and Sweden referring to hospitals in Uganda [21] and Iran [23] , respectively. Three studies [17, 22, 23] were conducted in large hospitals and university clinics or affiliated institutions, and two in medium-sized or small hospitals [18, 21] . Two studies cover thousands of US hospitals in pooling data from different sources [19, 20] .
Methodological Quality
Three studies [17, 21, 23] are non-randomized controlled trials, two studies [18, 22] are non-controlled clinical series, descriptive studies, consensus method studies, application observations and empirical reports (cf. Table 3 ). Two studies used existing data from secondary sources instead of original data collected from the EMR sites [19, 20] . Such secondary data analysis is not appropriately covered by the criteria defined by Johnston et al. [15] . For example, the number of EMR users and the study duration has to be checked in a non-conventional manner. The unit to be analyzed is the hospital, not the user of an EMR or the patient. Therefore, the assessment of the methodological quality includes only the remaining five studies, as listed in Table 5 . Two studies [17, 18] received 7 points, and three studies [21, 22, 23 ] received 6 points. There was no randomized controlled trial among the selected studies. All selected studies followed the international standard structure of scientific articles and received 2 points each for formal quality. Two studies [22, 23] included at least 20 users of the EMR, one study [18] had 6 to 19 EMR users, and two studies [17, 21] did not report any information on the number of users. Three studies [17, 18, 22] lasted for at least one year, and two studies [21, 23] at least six months. Five studies [17] [18] [19] [20] [21] supported their results by statistical analyses with full information concerning the level of significance (cf. Table 4), while two other studies [22, 23] did not present any statistical details. Both studies with the highest total score of seven are located in a specific sector of acute hospital care -trauma center [17] and intensive care unit [18] .
Studies' Results
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Value of the Electronic Medical Record for Hospital Care: A Review of the Literature All studies except one [20] cover economic aspects. Five of these studies indicate an economically positive impact, whereas one [19] concludes that implementation of EMR has no impact on administrative efficiency or overall costs. The main economic benefits are the reduction in time required for administration and archiving work as well as improvement of intercommunication among wards. Savings in nursing costs are indicated in three studies [18, 22, 23] . The negative result of Himmelstein et al. [19] is supported by a large number of included hospitals. The impact of EMR implementation on the quality of care is addressed in six studies, with five indicating at least positive impacts even if not based on quantitative evidence; only one study [21] does not present any relevant information. One of the six studies dealing with the effects on treatment quality asserts that the use of EMR reduced the mortality rate, with a reduction of mortality rate from 8.96% in the year before the introduction of the EMR to 7.61% during the first 24 months after EMR implementation [17] . CARE, the EMR software used in the Trauma Division of The Ryder Trauma Center in Miami-Dade County in South Florida, USA, was developed at the University of Miami. This software not only provides the required templates and electronic notes of all clinical activities performed by the attending physician, but also meets the Centers for Medicare and Medicaid Services guideline requirements, thus minimizing any potential documentation discrepancy. The study of Kazley et al. [20] found no clear evidence that the EMR use could improve care quality. Like the study of Himmelstein et al. [19] , Kazley et al. [20] analyzed secondary data from about 3,000 US hospitals focusing on acute myocardial infarction, congestive heart failure, and pneumonia. Applying a multiple regression model, they found a positive effect of the EMR use on four out of ten quality indicators and a negative effect on one out of those ten quality indicators.
DISCUSSION
Most publications suggest economic benefits provided by the implementation of EMRs. This conclusion remains nearly the same as our previous review [1] . Hospital costs can be substantially reduced if, after adoption of the EMR, administrative works such as nursing and charting time eventually decrease. Our previous review [1] covering studies up to early 2004 found only one [24] out of 20 studies with a negative economic impact, while in the present work, we found only one [19] out of seven studies with a negative result. However, neither study stated explicitly whether personnel cost savings are achieved by adoption of EMR. Purchase and maintenance costs of EMR systems and overhead for IT staff are not mentioned either.
Six out of seven studies assessed the effect of EMR on health care quality in comparison with four studies out of 20 in our previous work [1] . This represents a considerable rise of 66% (from 20% to 86%) of the publications addressing the impact on quality of care, suggesting a shift of the motivation for IT implementation to health care quality. The effects of adoption of EMRs on healthcare quality are consistently positive, with only one study in the current review indicating an unsatisfactory result [20] . Overall, there is sufficient evidence to support a statement made by the US President Obama in his weekly address on January 24 th , 2009, that "we'll computerize the nation's health record ..., saving billions of dollars in health care costs and countless lives".
The small number of publications that satisfy the required inclusion criteria is startling. The authors expected an increase in studies on EMR implementation in acute care hospitals, driven by initiatives following, for example, the IOM's report about patient and medication safety [25] . There seems to be a gap between the power of EMRs on the one hand -supported by several studies with good methodological quality -and the interests of the buyers on the other hand. This gap is not only evident by the small number of studies found in the current literature survey, but also in the marginal implementation of EMRs in the United States, Germany and Austria [4, 5] . Moormann made a similar observation on the number of publications on EMRs [26] . The rate of publications (number of new publications added to the literature per year) increased in the early 1990's, and was stable in the second half of the 1990's. However, in the last decade, the rate of publications might have decreased. Furthermore, it is noted that the published studies present only results of correlations. It seems that either the studies do not intend to present causal statements beyond correlation analyses, or the quality of the study design (e.g., historical controls) does not allow any causal statement.
The origin and location of the studies changed considerably. In our previous review [1] , 95% of the studies selected for evaluation were conducted in the United States, compared to only 43% in the current review with 57% at least organized in Europe.
The methodological quality of the studies increased from a median of 4 in the previous period to a median of 6 in the current one. Yet, there is still room for improvement. Some studies do not differentiate between medical quality, data quality, and quality of EMR implementation. Analyses of secondary data of thousands of hospitals were not present in the former review [1] , although interestingly, the secondary data analyses included in the current review revealed cost disadvantages [19] and no effects on quality of care [20] . The current EMR implementations might be effective in their local environments, but it is questionable whether EMR as a technology tool is efficient from a broader, such as national, perspective.
We noticed that many of the excluded studies dealt with primary or ambulatory care, suggesting a shift of EMR implementation from acute hospital care to primary or ambulatory care, another possible explanation for the small number of included studies. On one hand, this shift may reflect a trend of EMR implementation as a successful and sustainable approach for cost reduction and quality improvement in primary or ambulatory care. On the other hand, this shift may reflect the search for an alternative market after a less than successful EMR implementation in acute hospital care. However, implementation of EMR in ambulatory care is still in its infancy. DesRoches et al. [3] , for example, conducted a nation-wide survey among 2758 physicians (with a response rate of 62%) in the United States in late 2007 and early 2008. Thereby, they assessed physicians' adoption of outpatient electronic health records, their satisfaction with such systems, the perceived effect of the systems on the quality of care, and the main barriers for adoption. They found that 4% of the physicians had an extensive, fully functional EMR system; another 13% were equipped with a basic system. Most of the physicians reported an overall satisfaction with their EMR, and found the systems easy to handle in patient care. Primarily, financial considerations were the major impediments against the adoption of an EMR. According to Evans et al. [27] , many 280
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Study Limitations
Inter-rater reliability during both the current and the previous studies was verified by calculating Cohen's Kappa with the interpretation based on Landis and Koch [14] . The comparison of the Kappa values of both studies in the first stage based on abstracts shows that the results of this study (0.19) was lower than the previous study (0.26). The Kappa value in the second stage based on full texts was higher in this study (0.4) than that in the previous study (0.36).
A reliable identification of appropriate publications remained an issue to be resolved. The studies do not offer a functional description of their EMR. Additionally, there was no reference model for EMRs consistently used by the included studies. Unfortunately, the five layer approach of Waegemann [28] is not common enough to guide the retrieval process. For example, it was impossible to identify whether "EMR" was interpreted as only an electronic counterpart of the paper file, or rather as a collection of different functions within a hospital information system. Further, the retrieval of literature depends on a correct tagging of publications on EMRs through the National Library of Medicine. The MeSH offers solely the old-fashioned term "Medical Record System, Computerized". The search might be more complete by looking for technologies in general and excluding other types of applications in a second step. Consequently, we cannot exclude a selection bias due to several factors. However, the large number of 15,892 hits using this term convinced us that we found an appropriate balance between recall and precision in the literature search. Furthermore, the results are at least comparable with our 2008 review [1] and supported by another report [29] .
Suggested Future Research
The optimal study on the value of EMRs in hospital care should treat hospitals as observational units. A fully implemented EMR should be in place in the intervention arm. Hospitals without a fully implemented EMR then serve as controls. To the best of our knowledge, such a trial has not yet been performed. Because of the high complexity of each study, we suggest accepting EMR as a basic tool for hospitals and other health care providers. Further trials should concentrate on the assessment of complex interventions and their appropriate implementations.
CONCLUSIONS
The majority of the retrieved studies report economic advantages for hospitals as well as improvements of patient care quality with EMRs. For example, economic advantages are achieved by reducing staff time; improvements of quality of care are indicated by reductions of hospital mortality. The evidence for a positive effect on quality of care is a new finding of the current review. However, two large analyses of secondary data including thousands of US hospitals suggest that computerization does not reduce overall costs, and that only some quality indicators were affected by the implementation of EMR, both positively and negatively. The other studies typically cover only a small part of hospital care, such as a department. Randomization is still not used in the study design. Broader and better designed studies are needed to establish better scientific evidence regarding benefits of EMR in hospital care. Nevertheless, this review and its predecessor support the current initiatives for a nationwide implementation of EMRs in several countries worldwide, such as the United States.
